We previously compared the component alignment in total knee replacement using a computer-navigated technique with a conventional jig-based method. We randomly allocated 71 patients to undergo either computer-navigated or conventional replacement. An improved alignment was seen in the computer-navigated group. The patients were then followed up post-operatively for two years, using the Knee Society score, the Short Form-36 health survey, the Western Ontario and McMaster Universities osteoarthritis index, the Bartlett Patellar pain questionnaire and the Oxford knee score, to assess functional outcome.
Computer navigation for total knee replacement (TKR) is a relatively new technique, allowing accurate positioning of the components relative to the mechanical axis of the limb. It may enhance soft-tissue balancing, resulting in improved functional outcome, and the improvement in alignment should also reduce the rate of wear giving an increase in the longevity of the prosthesis.
In 2004, we published our results comparing the component alignment obtained in computer-navigated knee replacement, with the conventional technique. 1 A cohort of 71 patients undergoing Duracon (Stryker Orthopaedics, St Leonards, Australia) TKR without patellar resurfacing was prospectively and randomly allocated to undergo operation using either a computer-navigated (35 patients) or a conventional jig-based method (36 patients). The Stryker Image Free computer navigation system (version 1.0; Stryker Orthopaedics) was used for the navigated knees, adopting a freehand technique. Conventional knee replacements were performed according to the manufacturer's manual, with intramedullary instrumentation used for the femur and extramedullary instrumentation for the tibia. All patients underwent postoperative CT scanning according to the Perth CT protocol 2 to assess alignment. A significant improvement in alignment of the components was found in the computer-navigated group compared with the conventional group. Similar findings have been reported in other studies. 3 Our patients have now been followed for two years post-operatively in order to determine the functional outcome of computernavigated TKR. To our knowledge, this has not been previously reported.
Patients and Methods
All TKRs performed at our institution are prospectively monitored. Patients are reviewed by physiotherapists, independent of the surgeon who performed the operation. The physiotherapists were blinded to the patient's group for this study, and each patient was examined pre-operatively and at three, six, 12 and 24 months post-operatively. On each visit, patients were assessed using the Knee Society score, 4, 5 Western Ontario and McMaster (WOMAC) Universities osteoarthritis index 6 and the Short Form-36 (SF-36) health survey (version 2). 7, 8 The Knee Society score is based on pain, range of movement and activities of daily living. A total score of 200 indicates full function. The WOMAC osteoarthritis index is a generalised scoring system for osteoarthritis, with a total score ranging from 0 to 96 (a low score indicates a better result), while the SF-36 assesses overall function, pain, and vitality, as well as emotional and physical well-being using eight variables (physical functioning, role-physical, bodily pain, general health, vitality, social functioning, roleemotional, mental health), on a scale of 0 to 100 points. A higher score indicates better function.
Additionally, at two years post-operatively all the patients were assessed for anterior knee pain using the Oxford knee score, 9 and the specific Bartlett Patellar score, 10 which assesses anterior knee pain, quadriceps strength, ability to rise from a chair and stair climbing ability with a lower score out of 30 available points indicating a better result. The patients were required to mark the site of their pain on a knee diagram to ensure it was located anteriorly. In cases of doubt, patients were contacted by telephone.
A locally-designed patient satisfaction questionnaire was also given to all patients at two years post-operatively asking them to rate their replacement on a scale from one to five, with one being very dissatisfied and five being very satisfied. Statistical analysis. All normally-distributed data were analysed using Student's t-test. All data which were not normally distributed were analysed using the MannWhitney non-parametric test, while the chi-squared test or Fisher's exact test were used for frequencies. A p-value < 0.05 was considered statistically significant. In the original alignment study 1 a sample size analysis was conducted using the femoral component alignment variables, but this was not extended to the outcome data. To overcome any possible concerns over the significance of any differences that may arise because of the size of the sample, the outcome measures have been presented with 95% confidence intervals (CI) both for the variable means, and for the differences in the means between the groups.
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Results
No patient had undergone revision surgery. However, six patients had died (two in the computer-navigated group and four in the conventional group), three were lost to follow-up (one in the computer-navigated group and two in the conventional group) and two were unable to attend the clinic (both from the computer-navigated group). This left 60 patients in the study (30 computer-navigated TKRs and 30 conventional TKRs). However, a total of 62 patients completed the postal survey of anterior knee pain (32 computer-navigated and 30 conventional).
Improvement occurred in the Knee Society scores up to two years post-operatively and was similar for both groups (Table I) . No significant difference between the two groups could be found at any time point in the study, with the mean difference being 2.5 points (95% CI -18.6 to 13.6) at two years. This amounts to very little change in the components of the score between patient groups. 12 The total WOMAC scores also improved over the twoyear period for both groups, but again no significant difference was seen between the groups (Table I ). The mean difference between the groups was 9.8 points (95% CI -0.5 to 20) at two years post-operatively. This large confidence interval may indicate an inadequate sample size, as the results suggest a difference between the groups with the navigation group displaying a poorer outcome. The navigation data, however, were greatly affected by the results of one patient. This patient had almost double the WOMAC score of all the other patients in the group, and appears to have had difficulties before surgery, including a patellectomy and a post-operative infection. The SF-36 scores showed no statistical difference between the groups in seven of the eight parameters at each review (Table II) . Only the variable emotional role was significantly different, and only at the six months postoperative review (p = 0.024).
The results of the Oxford knee score and the Bartlett Patellar score at two years post-operatively were similar, with no significant difference found between the groups. The mean difference (p = 0.607 and p = 0.161, respectively) between the groups for the Oxford knee score was 6.6 points (95% CI -3.08 to 16.28). Previous research has indicated that a change of five points in the Oxford knee score would be clinically significant. 13 Therefore, the wider 95% CIs presented here may again indicate an inadequate sample size for this variable. The mean difference between the groups for the Bartlett Patellar score was 0.8 points (95% CI -3.52 to 2.07).
The frequency of anterior knee pain was surprisingly high with 44% (14) of patients in the navigated and 47% (14) in the conventional group reporting pain. However, the number reporting clinically significant (moderate to severe) anterior knee pain was much less, with 16% (5) in the navigated and 7% (2) in the conventional group. This is similar to the level of anterior knee pain reported in a study looking at patients without patellar resurfacing.
14 Importantly, there was no significant difference between the two groups in the incidence of all pain (chi-squared test, p = 0.818) or moderate to severe pain (Fisher's exact test, p = 0.427). The reported satisfaction rates for both groups were high with 86.7% (26) of the navigated and 83.3% (25) of the conventional group satisfied to some extent with the result of their joint replacements (Fig. 1) .
Discussion
It has been reported that computer navigation improves the alignment in TKR 1, 3 and can reduce the incidence of blood loss, 15 while poor component alignment has been shown to lead to abnormal wear. 16, 17 A well-aligned TKR is likely to function well whether it has been navigated or not. It might reasonably be assumed that a poorly aligned TKR might function less satisfactorily. However, there have been no studies to indicate an improvement in functional outcome or rates of wear following the use of computer navigation.
We found that after two years, there was no significant difference in function (Knee Society Score, WOMAC, SF-36 survey, Oxford Knee Score), patient satisfaction or incidence of anterior knee pain between patients receiving a computer-navigated or a conventional TKR. While power analysis was conducted for the original study, 1 this was not done for these functional variables, meaning that some of the results may need further examination. However, 95% CIs of the difference between groups give a guide as to how much variability exists in the parameters measured and the nature of the difference between the two groups of patients. The 95% CIs were small for the Knee Society score at two years post-operatively. For this variable the sample size was large enough to rule out the possibility of any large and clinically relevant differences. Variability was higher at two years for the Oxford knee score and the total WOMAC score, together with a greater mean difference between groups. While the mean difference was not significant for these variables, further investigation is needed to confirm these results.
Total knee replacement is a very successful operation with a high level of patient satisfaction and functional improvement. It may, therefore, be difficult for computer navigation to show a significant improvement in these variables in the short term. It is possible that improved alignment may decrease wear of the implant and improve the functional outcome in the long term, at least five to ten years after implantation. Again, this needs further investigation and follow-up.
However, at two years post-operatively the functional outcome between the computer-navigated and conventional groups appears to be no different despite the better alignment achieved using the computer navigation technique.
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